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Applications Discussed

• Active fire detection and characterization
– Can be performed in Direct Readout environment 

in essentially NRT
– Bulk of presentation

• Burned area mapping
–Much more challenging in NRT
– To do reliably requires very large data volumes



Sensors Discussed

• Terra and Aqua MODIS
– Launched 1999 and 2002

• S-NPP and NOAA-20 VIIRS
– Launched October 2011 and November 2017

• Landsat-8 OLI (Operational Land Imager)
– February 2013 launch

• Sentinel-2 MSI (Multi-Spectral Instrument)
– Sentinel-2A: June 2015 launch
– Sentinel-2B: March 2017 launch



MODIS

• One of the few Earth Observation sensors built 

with fire observation capabilities

– Spectral bands

• specifically for observing active fires

• useful for observing burned areas

– Accurate and reliable calibration & geolocation

• Dedicated 1 km fire bands

– Channel 21: 3.96 µm, ≈ 500 K saturation

– Channel 22: 3.96 µm, ≈ 330 K sat. (multi-purpose)

– Channel 31: 11.0 µm, ≈ 400 K saturation



NASA’s MODIS Active Fire Products

MOD14/MYD14 1-km Swath L2
MOD14A1/MYD14A1 1-km Daily Composite L3
MOD14A2/MYD14A2 1-km 8-Day Composite L3
MOD14C8H/MYD14C8H 0.5° 8-Day CMG
MOD14CMH/MYD14CMH 0.5° Monthly CMG
MCD14ML Monthly fire locations + attributes

Direct broadcast version available (stand-alone 
and IPOPP MOD14_SPA)



NASA Scientific Visualization Studio

MODIS Swath



Deforestation Fires
Bolivia and Brazil, 13 Sep. 2004

200 km



Collection 6 Algorithm Refinements

• Processing extended to water
– Detect off-shore gas flaring
– Can be disabled for DR use

• Improved cloud mask
• Reduce false alarms in Amazon caused by 

small forest clearings
• Adjust potential fire thresholds dynamically
– Detect smaller fires

• Improved fire radiative power (FRP) retrieval



Collection 5



Collection 6



C6 Validation

• Use swath (L2) product
• Compare Terra MODIS 

fire masks to 30-m 
ASTER fire masks

• > 2300 ASTER scenes



Probability of detection 
as a function of fire size

C5

Terra MODIS Fire Product Validation

Giglio et al. (2016)



C5

Terra MODIS Fire Product Validation
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Probability of detection 
as a function of fire size

C5

Terra MODIS Fire Product Validation
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McCarty et al. (2007)





Global Fire Regimes

Chuvieco et al. (2008)



VIIRS

• Visible Infrared Imaging Radiometer Suite 
(VIIRS)

• On Suomi-NPP and JPSS satellites
– S-NPP launch 25 October 2011

• 22 bands
– 750 m and 375 m spatial resolution

• Multi-agency JPSS legacy
– $$$
– complicated development and uptake of products



NASA’s VIIRS Active Fire Products

VNP14 750-m Swath L2

VNP14IMG 375-m Swath L2
VNP14A1 1-km Daily Composite L3
VNP14ML Monthly fire locations + attributes

VNP14IMGML Monthly fire locations + attributes

Direct broadcast versions available (stand-alone 
and IPOPP VIIRS-AF and VFIRE375 SPAs)



VIIRS Active Fire Product Status
• Baseline 750-m active fire product

– Built on MODIS C6 algorithm
– Small adjustments performed to account for unique L1B data (plenty 

of reactive maintenance)
– Fire detection + FRP
– Output format supporting MODIS-VIIRS data continuity

• Alternative 375-m active fire product
– Developed by Wilfrid Schroeder (now at NOAA)
– Hybrid algorithm optimizes use of 375-m MIR channel I4 (frequent 

saturation, folding) + 750-m MIR channel M13
– First version produced fire detections only
– Latest version providing fire detection + FRP
– Output format supporting MODIS-VIIRS data continuity



VIIRS Active Fire Product Status

• NASA 750m swath product (VNP14)
– Running at Land SIPS (≈12h latency), incomplete/inconsistent record 

due to changes in input data and data retention 
– Also available from NOAA (AF_v1r0_npp product)
– Production code available through DRL IPOPP direct readout data 

processing package (VIIRS-AF_SPA)

• NASA 375m swath product (VNP14IMG)
– Running at Land SIPS (≈12h latency), incomplete/inconsistent archive 

due to changes in input data and data retention 
– Running at LANCE, feeding FIRMS/Worldview since Dec 2015
– Production code available through DRL IPOPP direct readout data 

processing package (VFIRE375_SPA)

• Data reprocessing being implemented at NASA and NOAA
– Should provide complete/consistent data record



S-NPP/VIIRS 375 x 750m x Aqua/MODIS 1km
Fire Detection Data Quick Comparison

S-NPP/VIIRS 375 m S-NPP/VIIRS 750 m Aqua/MODIS 1 km



MYD14 Fire Pixels (March 2016)
Collection 6



VIIRS 750 m Fire Pixels (March 2016)



VIIRS 375-m Fire Pixels (March 2016)
“Collection 1”

Data noise causing spurious detections



FRP (MW)

VIIRS 375-m Fire Pixels (March 2016)
“Collection 2”
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Atmospheric Correction of MODIS and VIIRS 

Before atmospheric correction After atmospheric correction

Implementing approach to correct Level 2 , 3, 4 products in support of data continuity

Currently running MODTRAN + MERRA-2 (0.625o x 0.5o)



750-m VIIRS VNP14 active fire product
12 March 2013

Arcs of false fire pixels caused by spurious M13 scans.



NASA MODIS Burned Area Products

MCD64A1 500-m Monthly
MCD64A1-based GIS Products (SCF) Shapefiles + 500-m GeoTIFF
MCD64CMQ (SCF) 0.25° Monthly

In A1 product burning is mapped to the nearest day.



Tile h08v05 (west coast of US)
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http://landweb.nascom.nasa.gov/cgi-bin/browse/browseMODIS.cgi

August 2016 C6 MCD64A1 Global Browse



Original algorithm published in 2009 (C5) and updated in 
2011 (C5.1) and 2016 (C6).  Product known by various 
names (“Direct Broadcast Burned Area Product”), but 
ultimately “MCD64”.



Current (C6) Input Requirements

• Daily 500-m gridded surface reflectance
– Bands 1, 2, 5, and 7 from MODHDFSR/MYDHDFSR products
– Terra and/or Aqua MODIS

• Daily 1-km gridded active fire maps
– Preferably Terra + Aqua MODIS

• Land cover map
– C5.1 MODIS MOD12Q1 product

• All input data co-registered in MODIS sinusoidal 
projection & partitioned into standard MODIS tiles



2008 MCD64A1 DB Implementation
• IPOPP burned area SPA
• Ingests daily corrected reflectance + daily 

Terra/Aqua MODIS fire-mask composites
• Input data coregistered in MODIS sinusoidal 

projection
• Some quality traded to reduce nominal one-

month production lag to ~2 weeks
• Now obsolete
– 108 code updates since last release in 2010!



September 2006, MODIS tile h13v09 (eastern Brazil)

C5.1 MCD64A1 C6 MCD64A1



VIIRS Burned Area Products

VNP64A1 500-m Monthly

VNP64A1-based GIS Products (SCF) Shapefiles + 500-m GeoTIFF

VNP64CMQ (SCF) 0.25° Monthly

MCD64A1 mapping algorithm ported to VIIRS.

Behind schedule due to major delays in availability of 
upstream VIIRS input products.



MCD64A1 Burn Date
Australia (h30v10), 1 March – 31 August 2014

MODIS VIIRS



Goal: True NRT Burned Area Mapping

• Rapid production
– Cumulative map through day N available on day N
–Map is refined as additional days are acquired

• Sacrifice mapping of smallest burns for NRT
• Leverage active fire data more heavily
–MCD64 prior probabilities



https://www.firelab.org/project/near-real-time-burned-area-mapping-viirs



Landsat-8 and Sentinel-2 Active 
Fire Mapping

• No mid-infrared channel
• NIR+SWIR ratio/differencing approach
• Saturation/folding artifacts
• Temporal signal analysis to avoid false alarms
• Stand-alone C code also available as wrapped 

IPOPP module

Most of the slides to follow were provided by Wilfrid Schroeder 
(now at NOAA).
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Landsat-class Active Fire Detection

Pros:
>150x more information per unit area than VIIRS 375 m
>1000x more information per unit area than MODIS 1km

Cons:
Limited coverage/infrequent data

Potential:
Detecting primarily flaming fires on daytime scenes; detection of lower 
temperature (e.g., smoldering) targets possible with nighttime scenes
Launch of similar sensors increasing data availability

• Landsat-8, Sentinel-2A/2B
Near real-time data processing/distribution possible under certain conditions



MODIS&
Terra&–&10:30&
and&
Aqua&–&1:30&

VIIRS%750m%
Suomi%NPP%–%1:30%

VIIRS%375m%
Suomi%NPP%–%1:30%
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10:00)
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Spatial 
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X

Temporal 
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(revisit cycle)

Comparing Landsat-8 (30 m), 
VIIRS (375, 750), & MODIS (1km)



45

Landsat-8 + Sentinel-2A

Landsat-8 (30 m)
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ESA/Sentinel-2A (20 m)

16 min later

Landsat-8 + Sentinel-2A
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Landsat-8 fire mask: red

Sentinel-2A fire mask: green

Landsat-8 + Sentinel-2A



On-demand nighttime Landsat-8 acquisition
Systematic night data 

acquisition for the Western 
US  2016 fire season 



On-demand nighttime NIROPs acquisition



Routine daytime Landsat-8 acquisition



3 x 10 m burn composed of firewood
Coincident with Landsat-8 overpass
on 19 January 2015

Small Fire Validation
Landsat-8 and VIIRS 375 m example in Cachoeira Paulista, Brazil

51



Landsat-8/OLI image at 10:58am local
RGB 7-5-2 (30 m resolution)

Small Fire Validation
Landsat-8 and VIIRS 375 m example in Cachoeira Paulista, Brazil

Lon: 44.984o W
Lat: 22.686o S
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Small Fire Validation
Landsat-8 and VIIRS 375 m example in Cachoeira Paulista, Brazil
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Very Small Fire Validation
Landsat-8 nighttime example in Greenbelt, MD
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Fire was clearly 
distinguishable on OLI 

channel 7 (2.2 μm)



• Fire radiative power output at overpass time (using IR camera data):

0.01 MW

• Simulated channel 7 fire radiance (using IR camera data):

0.453 W/m2.sr.μm

- Surface-equivalent (no atmosphere)

- Assuming rectangular spatial response function and no 
data smearing

• Actual channel 7 top-of-atmosphere pixel radiance:

0.229 W/m2.sr.μm

• Single fixed threshold proposed for nighttime fire algorithm:

1 W/m2.sr.μm

Current nighttime algorithm settings are made intentionally 
conservative in order to avoid large number of 
recreational and/or urban-related thermal anomalies!

Very Small Fire Validation
Landsat-8 nighttime example in Greenbelt/USA

Fire area and 

average temp
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Landsat-8 and Sentinel-2 Burned 
Area Mapping

• Numerous papers/presentations/announcements on 
this topic during the past several years

• Most approaches employ change-in-NBR (“dNBR”) 
thresholding

• Classification via machine learning becoming wildly 
popular

• Many (most?) products and/or approaches not suitable 
for NRT use
– Use, e.g., Google Earth Engine 



Thanks!


